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IMPROVED BARRIER LAYER FOR ELECTROPLATING PROCESSES 
CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application is a continuation of co-pending U.S. patent application 
Serial No. 09/375,167. filed August 16, 1999. The aforementioned related patent 
application is herein incorporated by reference. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0002] The present invention generally relates to electrochemical deposition or 
electroplating a metal onto a substrate. More particularly, the present invention 
relates to methods of forming a barrier layer and a seed layer prior to filling the 
structures formed on a substrate using an electroplating process. 

Description of the Related Art 

[0003] Copper has become a choice metal for filling sub-micron, high aspect ratio 
interconnect features on substrates as circuit densities increase for the next 
generation of ultra large scale integration because copper and its alloys have lower 
resistivities and significantly higher electromig ration resistance as compared to 
aluminum. These characteristics are important for supporting the higher current 
densities experienced at high levels of integration and increased device speed. 

[0004] The aspect ratio for the features, i.e., the ratio of the feature height to the 
feature width, increases with higher levels of integration. Many traditional deposition 
processes have difficulty filling structures where the aspect ratio exceeds 4:1, and 
particularly where it exceeds 10:1 and is less than 0.25|im wide. Therefore, there is 
a great amount of ongoing effort being directed at the formation of void-free, sub- 
micron high aspect ratio features. Additionally, as the feature widths decrease, the 
interconnect features experience increased current densities that require good, void- 
less formation of the metal within the interconnect feature. 

[0005] Despite the desirability of using copper for semiconductor device 
fabrication, choices of fabrication methods for depositing copper into very high 
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aspect ratio features are limited because common chemical vapor deposition 
processes and physical vapor deposition processes have provided unsatisfactory 
results for forming voidless metallization of sub-micron high aspect ratio interconnect 
features. As a result, electroplating or electrochemical deposition is becoming an 
accepted method for copper metallization of interconnect features on semiconductor 
devices. 

[0006] Figures 1A-1E illustrate a typical metallization technique for forming 
interconnect features in a multi-layered substrate 10. Generally, the method 
comprises physical vapor depositing a barrier layer over the feature surfaces, 
physical vapor depositing a conductive metal seed layer, preferably copper, over the 
barrier layer, and then electroplating a conductive metal, preferably copper, over the 
seed layer to fill the interconnect structure/feature. Finally, the deposited layers and 
the dielectric layers are planarized, such as by chemical mechanical polishing 
(CMP), to define a conductive interconnect feature. 

[0007] Figures 1A through 1E are cross sectional views of a substrate 10 having 
multi-layered structures including a dielectric layer 12 formed over an underlying 
layer 14 which contains an electrically conducting feature 16. The underlying layer 
14 may take the form of a doped silicon substrate or it may be a first or subsequent 
dielectric/insulating layer formed on a substrate. The dielectric layer 12 is formed 
over the underlying layer 14 in accordance with procedures known in the art, such 
as dielectric CVD, to form a part of the overall integrated circuit. Once deposited, 
the dielectric layer 16 is patterned and etched to form interconnect features, such as 
vias, contacts and lines. Etching of the dielectric layer 12 can be accomplished 
using various generally known dielectric etching processes, including plasma 
etching. Although a dual damascene structure and a connection line are illustrated in 
Figures 1A-1E, other types of interconnect features are typically metallized using 
this technique as well. 

[0008] Referring to Figure 1A, a partial cross-sectional diagram of a substrate 10 
Is shown having a dual damascene structure 18 and a connection line 20 patterned 
and etched in the dielectric layer 12. The dual damascene structure 18 typically 
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comprises a via portion 21 and a trench portion 25. The via portion 21 of the dual 
damascene structure 18 is defined by a via floor 22 exposing at least a portion of the 
conductive feature 16 and lower sidewalls 24. The trench portion 25 of the dual 
damascene structure 18 is defined by the step surfaces 26 and upper sidewalls 28. 
Figure 1A also shows a connection line 20 which is typically formed through a 
groove on the surface of the dielectric layer 12 that provides electrical connections 
across the surface of the dielectric layer 12 to other structures and/or devices. The 
connection line 20 is defined by a line bottom surface 30 and line sidewalls 32 
etched in the dielectric layer 12. 

[0009] Referring to Figure 1 B, a barrier layer 34, preferably comprising tantalum 
(Ta) or tantalum nitride (TaN). is deposited over the surface of the substrate 10, 
including the surfaces of the dual damascene structure 18 and the connection line 
20. The barrier layer is typically deposited using physical vapor deposition (PVD) by 
sputtering a tantalum target in an argon plasma or by reactive physical vapor 
deposition by sputtering a tantalum target in a nitrogen/argon plasma. Other 
deposition processes, such as chemical vapor deposition (CVD) or combination of 
CVD/PVD. may be used to deposit the barrier layer for improved texture and film 
properties. The barrier layer limits the diffusion of copper into the semiconductor 
substrate and the dielectric layer and thereby dramatically increases the reliability of 
the copper interconnect features. It is preferred that the barrier layer has a 
thickness between about 25 A and about 400 A, most preferably about 100 A. 

[0010] Referring to Figure 1C, a copper seed layer 36 is deposited over the 
barrier layer 34 using PVD. Other metals, particulariy noble metals, can also be 
used for the seed layer. The copper seed layer 36 provides good adhesion for a 
subsequently deposited copper layer. 

[0011] Referring to Figure 1D, a copper layer 38 is electroplated over the copper 
seed layer 36 to metallize the dual damascene structure 18 and the line connection 
20. However, the electroplating metallization process presently practiced typically 
forms voids 40 in the interconnect features that may lead to defective devices or 
premature breakdown of the devices, as discussed in more detail below. 
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[0012] Referring to Figure 1E, the top portion of the processed substrate 10, i.e., 
the exposed copper layer 38, is then planarized, preferably by chemical mechanical 
polishing (CMP). During the planarization process, portions of the copper layer 38, 
copper seed layer 36. barrier layer 34. and a top surface of the dielectric layer 12 
are removed from the top surface of the substrate, leaving a fully planar surface with 
conductive Interconnect features, such as the dual damascene structure 18 and 
connection line 20, 

[0013] Metal electroplating in general is a well known art and can be achieved by 
a variety of techniques. Present designs of cells for electroplating a metal onto a 
substrate are generally based on a fountain plater configuration. In the fountain 
plater configuration, the semiconductor substrate is positioned above a cylindrical 
electrolyte container with the plating surface facing an opening of the cylindrical 
electrolyte container. The electrolyte is pumped to flow upwardly and contact the 
substrate plating surface. The substrate is electrically biased and connected as the 
cathode of the plating system, and the surfaces to be plated are electrically 
connected to the cathode power source to provide the electrical current that induces 
the metal ions in the plating solution to deposit onto the exposed conductive surface 
of the substrate. An anode is typically disposed in the electrolyte and electrically 
biased to attract the negatively charged counterparts of the metal ions in the 
electrolyte. The fountain plater is generally adequate for electroplating large, low 
aspect ratio features (/.e., larger than micrometer-sized and lower than 1:1 height to 
width ratio). However, a number of obstacles impair consistent electroplating of 
copper onto substrates having sub-micron, high aspect ratio features. 

[0014] First, a continuous metal seed layer is essential for conducting the current 
required to the surfaces to be plated by the electroplating process. When a 
discontinuity is present in the metal seed layer, the portion of the seed layer that is 
not electrically connected to the bias power supply does not receive deposition 
during the electroplating process. Particularly with physical vapor deposition of a 
seed layer, it is very difficult to deposit a continuous, uniform seed layer within a high 
aspect ratio, sub-micron feature. The seed layer tends to become discontinuous 
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especially at the bottom surface of the feature because it is difficult to deposit 
through the narrow (i.e., sub-micron) aperture width of the feature. The 
discontinuities in the seed layer prevent proper electroplating of the metal onto the 
seed layer, resulting in defective devices on the processed substrate. 

[0015] Second, discontinuities in the metal seed layer also cause void formations 
in high aspect ratio interconnect features. During the electroplating process, the 
metal deposits on all of the surfaces that are electrically connected to the bias power 
supply. Because the electroplated metal grows in all directions, the deposition 
around an area of discontinuity in the seed layer typically forms a bridge over the 
discontinuity, leaving a void adjacent the discontinuity within the feature. The void 
changes the material and operating characteristics of the interconnect feature and 
may cause improper operation and premature breakdown of the device. 

[0016] Therefore, there is a need for a consistent metal electroplating technique 
to form void-less metal interconnects in sub-micron, high aspect ratio features on 
semiconductor substrates. Particularly, there is a need for a method for preparing a 
substrate prior to electroplating that overcomes the problems presented by currently 
practiced seed layers used in electroplating and reduces the formation of defective 
devices due to unsatisfactory electroplating results. 

SUMMARY OF THE INVENTION 

[0017] The invention generally provides a method for preparing a substrate prior 
to electroplating for forming void-less metal interconnects in sub-micron, high aspect 
ratio features on semiconductor substrates. The invention overcomes the problems 
presented by currently practiced barrier layers used in electroplating and reduces 
the formation of defective devices caused by unsatisfactory electroplating results. 
Generally, the invention provides a method for forming a high conductance (/.e., 
resistivity «160pQ-cm) barrier layer on (V^/hichT metal can'^BeNelectro-chemically 
deposited to significantly reduce the defect^ formations formed during the 
electroplating process due to discontinuities in the seed layer. 
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[0018] One aspect of the invention provides a method for preparing a surface for 
electrochemical deposition comprising forming a high conductance barrier layer on 
the surface and depositing a seed layer over the barrier layer. Preferably, the high 
conductance barrier layer comprises a material selected from tungsten, tungsten 
nitride (WNx. where x < 3), titanium and titanium nitride, and/or combinations thereof. 
The high conductance barrier layer provides a surface on which metal can be 
electro-chemically deposited and therefore, significantly reduces the defect 
formations formed during the electroplating process due to discontinuities in the 
seed layer. 

[0019] Another aspect of the invention provides a method for forming a high 
conductance barrier layer comprising depositing a layer of tantalum and annealing 
the deposited tantalum layer at a temperature between about 350^0 and about 
600^C for between about 30 seconds and about 30 minutes. 

[0020] Another aspect of the invention provides a method for forming a high 
conductance barrier layer comprising depositing a tantalum barrier layer at a 
substrate temperature between about 350°C and about 600°C. 

[0021] Yet another aspect of the invention provides a method for forming a high 
conductance barrier layer comprising forming a first barrier layer comprising a 
material such as TiNx, W or WNx, over the surface using chemical vapor deposition 
and forming a second barrier layer comprising a barrier material such as TiNx, Ta or 
TaNx, over the first barrier layer using physical vapor deposition. 

[0022] Yet another aspect of the invention provides a method for filling a 
structure on a substrate, comprising depositing a high conductance barrier layer on 
one or more surfaces of the structure, depositing a seed layer over the barrier layer, 
and electrochemically depositing a metal to fill the structure. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] So that the manner in which the above recited features, advantages and 
objects of the present invention are attained can be understood in detail, a more 
particular description of the invention, briefly summarized above, may be had by 
reference to the embodiments thereof which are illustrated in the appended 
drawings. 

[0024] It is to be noted, however, that the appended drawings illustrate only 
typical embodiments of this invention and are therefore not to be considered limiting 
of its scope, for the invention may admit to other equally effective embodiments. 

[0025] Figures 1A-1E are cross sectional views of a dual damascene 
interconnect and a connection line in a dielectric layer illustrating a metallization 
technique for forming such interconnects. 

[0026] Figure 2 is a cross sectional view of a high density plasma physical vapor 
deposition (HDP-PVD) chamber useful for forming a barrier layer according to the 
invention. 

[0027] Figure 3 is a flow diagram illustrating a metallization technique for filling an 
interconnect structure according to the invention. 

[0028] Figure 4 is a cross sectional view of a simplified electroplating apparatus 
100. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
[0029] The present invention provides methods for improving the electroplating 
fill of high aspect ratio, sub-micron interconnect features. Although the invention is 
described using a dual damascene structure on a substrate, the invention 
contemplates applications in other interconnect features and other integrated circuit 
features {i.e., lines, vias, contacts, plugs, etc.) that require filling the features formed 
on a substrate with a metal. Also, although the invention is described using copper 
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as the electroplated metal for metallization of the feature, the invention is applicable 
to other metals that can be electroplated onto a substrate. 

[0030] Generally, a continuous metal seed layer is essential for conducting an 
electrical current to the surfaces to be plated by the electroplating process. 
Typically, the seed layer is deposited using PVD techniques, which has not provided 
satisfactory results for forming a uniform, continuous seed layer at the bottom of 
high aspect ratio, sub-micron features. Thus, currently practiced electroplating 
techniques suffer from defect formation due to discontinuities in the seed layer. The 
invention generally provides a method for forming a barrier layer that reduces the 
need for a continuous seed layer. 

Hi gh Conductance Barrier Layer Materials 

[0031] One aspect of the invention improves the electroplating fill of high aspect 
ratio, sub-micron interconnect features through the use of a high conductance 
barrier layer material that provides sufficient electrical conductivity to facilitate 
electro-chemical deposition thereon. The inventors have discovered that the 
detrimental effects of a discontinuous seed layer are significantly minimized by 
providing a barrier layer material having a surface on which a metal, particularly 
copper, can be electroplated. The barrier layer materials that have this property 
include tungsten (W). tungsten nitride (WNx, where 0 > x < 3), titanium (Ti), titanium 
nitride (TiN) and combinations thereof. Alternatively, the barrier layer comprises a 
multi-layered stack of these materials as well as alloys of these materials. The 
barrier layer according to the invention can be deposited over the surfaces of the 
features/structures formed on the substrate using PVD, CVD or other deposition 
methods commonly known in the art. Preferably, the barrier layer has a thickness 
between about 10A and about 500A for a sub-micron interconnect feature. Because 
a metal, particularly copper, can be electroplated directly onto the surfaces of these 
barrier materials the metal deposits {i.e., electroplates) on the surfaces of the seed 
layer as well as on exposed surfaces of the barrier layer not covered by the seed 
layer, resulting in a significant reduction of the formation of defects due to the 
discontinuities in the seed layer. 
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High Conductance Tantalum Barrier Layer 

[0032] Another aspect of the invention provides a method for forming a high 
conductance barrier layer comprising annealing a deposited tantalum (Ta) barrier 
layer. The inventors have discovered a method for significantly improving the 
conductance of a tantalum barrier layer deposited using physical vapor deposition 
techniques. According to the invention, a barrier layer comprising tantalum is 
deposited using typical PVD techniques, preferably in a high density plasma (HDP) 
PVD chamber, such as the IMP™ chamber available from Applied Materials, Inc., 
Santa Clara, California. 

[0033] Figure 2 is a cross sectional view of a high density plasma physical vapor 
deposition (HDP-PVD) chamber useful for forming a barrier layer according to the 
invention. The HDP-PVD deposition chamber 600 generally includes a chamber 
enclosure 602, a substrate support member 604, a target 606, a shield 608 and a 
coil 610. The target 606 comprises a sputterable material and is disposed opposite 
of the substrate support member 604. The target 606 is electrically connected to a 
DC power supply 612, as shown in Figure 2, and can be biased by an RF power 
source (not shown) instead of the DC power supply 612. The shield 608 generally 
surrounds the region between the target 606 and the substrate support member 604 
and is typically connected to a ground connection. The coil 610 is disposed interior 
of the shield 608 and is connected to an RF power supply 614. A gas inlet 616 
disposed through the enclosure 602 introduces one or more processing gases into 
the chamber during processing. A vacuum system 628 is connected to the chamber 
600 through an exhaust port 630 to exhaust gases in the chamber and maintain a 
desired pressure in the chamber. Preferably, the vacuum system 628 comprises 
one or more vacuum pumps, turbo-molecular pumps, roughing pumps or 
cryopumps. 

[0034] As shown in Figure 2, the substrate support member 604 is attached to an 
actuator shaft 618 disposed through the bottom of the enclosure 602. The actuator 
shaft 618 is connected to an actuator 620 which facilitates movement of the 
substrate support member 604 to various positions in the chamber. A slit valve 626 ^ 
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disposed on a sidewall of the enclosure 602 facilitates transfer of substrates into and 
out of the chamber, which is typically performed utilizing a robot and robot blade. A 
substrate lift assembly 622 disposed relative to the substrate support member 604 
facilitates positioning of a substrate onto and off of the substrate support member 
604. As shown in Figure 2, the substrate support member 604 is in a wafer transfer 
position. During processing, the substrate support member 604 positions a 
substrate disposed thereon to a position below a cover ring 624 disposed on a lower 
portion of the shield 608 to shield the perimeter edge of the substrate from 
deposition. The substrate support member 604 engages the cover ring 624 and 
typically lifts the cover ring 624 off the shield 608. At this position, a processing 
region is defined by the exposed surface of the target 606, the shield 608 and the 
substrate on the substrate support member 604. A power supply 632 is electrically 
connected to the substrate support member 604 to provide an electrical bias to the 
substrate during processing. The power supply 632 can be a DC power source, an 
RF power source, or a combination of DC and RF power sources. 

[0035] Several parameters of the HDP-PVD process, including the processing 
pressure, the RF bias to the RF coil, the DC or RF bias to the target, and the DC or 
RF bias to the substrate, can be adjusted to achieve the desired seed layer 
deposition profile having minimal sidewall coverage and substantial bottom 
coverage. Preferably, the HDP-PVD chamber is operated within the following 
parameters: chamber processing pressure between about 20 mTorr and about 100 
mTorr, RF source power to the HDP-PVD coil between about 1000 W and about 
5000 W, target DC bias between about 500 W and about 3000 W, and substrate DC 
bias between about 100 W and about 500 W. 

[0036] Preferably, the deposited Ta barrier layer has a thickness between about 
10A and about 500A, and more preferably between about 100 and about 250A. The 
deposited PVD Ta barrier layer is annealed at a temperature between about 350^C 
and about 600^C for between about 30 seconds and about 30 minutes, preferably in 
a vacuum environment. The length of the anneal treatment varies depending on the 
anneal temperature and the design of the anneal chamber. A variety of anneal 
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chamber designs, including conventional and rapid thermal anneal chambers, are 
well known in the art and commercially available. For example, the anneal process 
can be performed utilizing the RTP XEp/i/s™ or the RTP XE™ thermal processing 
chambers available from Applied Materials, Inc., Santa Clara, California, or the 
thermal processing chamber described in U.S. Patent No. 5,155,336, Gronet et aL, 
which is hereby incorporated by reference in its entirety. The inventors also 
contemplate using other commercially available thermal processors from 
manufacturers such as Eaton Corporation Thermal Processing Systems, Peabody, 
Massachusetts. For a conventional furnace anneal chamber, the anneal treatment 
is preferably carried out for between about 5 minutes and 30 minutes at between 
about 450*^C and 500°C. For a rapid thermal anneal chamber, the anneal treatment 
is preferably carried out for between about 30 seconds and 5 minutes at between 
about 450°C and 500°C. The inventors have discovered that after .the anneal 
treatment, the PVD Ta barrier layer exhibits a high conductance (or low resistivity) 
that is about 16 times that of a conventional PVD Ta layer without an annealing 
treatment. The PVD Ta layer deposited according to the invention exhibits low 
resistivity of about 10|iQ-cm as compared to conventional PVD Ta layers without 
annealing treatment which typically have a resistivity of about 160|xn-cm. The high 
conductance annealed PVD Ta barrier layer according to the invention Is able to 
conduct sufficient electrical current where discontinuities in the seed layers exist and 
therefore allow electrochemical deposition to occur where the Ta layer is exposed at 
the discontinuities in the seed layer. 

[0037] Alternatively, instead of annealing a typical PVD Ta barrier layer, the 
invention provides a method for forming a high conductance barrier layer comprising 
depositing a tantalum barrier layer at a substrate temperature between about 350°C 
and about 600®C, The temperature of the substrate during the deposition process is 
preferably controlled by controlling the temperature of the substrate support surface 
on the substrate support member or pedestal. The inventors have discovered that a 
PVD Ta layer deposited in this temperature range exhibits unexpected high 
conductance (or low resistivity). The PVD Ta layer deposited according to the 

invention exhibits a low resistivity of about 10 |iQ-cm, which is about 16 times more 
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conductive than PVD Ta films deposited at low temperatures without annealing. 
One example of a process for forming a high conductance barrier layer on a 200 mm 
substrate using an HDP-PVD chamber (as shown in Figure 2) include the following 
processing parameters: chamber processing pressure between about 20 mTorr and 
about 100 mTorr. RF source power to the HDP-PVD coil between about 1000 W and 
about 5000 W, target DC bias between about 500 W and about 3000 W, substrate 
DC bias between about 100 W and about 500 W, and substrate temperature 
between about 350°C and about 600^C. 

Combination Of CVD And PVD Barrier Layers 

[0038] Another aspect of the invention provides a method for forming a high 
conductance barrier layer comprising forming a first barrier layer over the surface 
using chemical vapor deposition and forming a second barrier layer over the first 
barrier layer using physical vapor deposition. The invention contemplates utilizing a 
variety of CVD techniques to form the first barrier layer, including well known CVD 
techniques such as metal organic chemical vapor deposition (MOCVD), atmospheric 
pressure chemical vapor deposition (APCVD) and plasma enhanced chemical vapor 
deposition (PECVD). The invention also contemplates utilizing a variety of PVD 
techniques to form the second barrier layer, including well known PVD techniques 
such as conventional sputtering, collimated sputtering, long throw sputtering, ionized 
metal plasma sputtering and hollow cathode sputtering. Preferably, the first and 
second barrier layers are formed utilizing an integrated system platform having both 
CVD and PVD processing chambers, such as the integrated system described in 
U.S. Patent No. 5,186,718, Tepman et ai, which is incorporated by reference in its 
entirety. 

[0039] According to the invention, a first barrier layer, comprising a barrier 
material such as TiNx, W or WNx, is deposited using a CVD technique to provide a 
conformal barrier layer over the surfaces of the interconnect structure. Typically, for 
an interconnect structure/feature having sub-micron opening width, the first barrier 
layer is deposited using commonly known CVD techniques to a thickness between 
about 50A and about 250A. Then, a second barrier layer, comprising a barrier 
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material such as TiNx, Ta and TaNx, is deposited over the first barrier layer using 
commonly known PVD techniques to a thickness between about 50A and about 
250A. The resulting combined barrier layer comprising a first CVD layer and a 
second PVD layer provides an effective conductivity that is much higher than that of 
a PVD barrier layer alone or a CVD barrier layer alone because the CVD layer 
provides good conformal coverage of the feature surfaces while the PVD layer 
provides good bottom fill of the features. 

Substrate Preparation and Metallization Process 

[0040] Figure 3 is a flow diagram illustrating a metallization technique for filling an 
interconnect structure according to the invention. First, a high conductance barrier 
layer is deposited (Step 302) over the surfaces of the substrate including the 
surfaces outlining the interconnect structure. The barrier material is deposited using 
one of the above-described techniques according to the invention. For a high 
conductance barrier layer comprising a high conductance material selected from the 
group consisting of tungsten, tungsten nitride (WNx, where x < 3). titanium and 
titanium nitride, and the combinations thereof, the barrier layer can be deposited by 
a variety of deposition methods including PVD and CVD. The conductance of the 
barrier layer can be further improved by utilizing CVD techniques and PVD 
techniques to form a combination CVD (TiNx, W or WNx) and PVD (TiNx, Ta or TaNx) 
barrier layers. For a high conductance barrier layer comprising tantalum, the barrier 
layer is preferably deposited by low temperature (<350®C) PVD and then annealed 
at between about 350°C and about BOO^'C, or deposited by PVD at a high 
temperature between about 350°C and about 600°C. Preferably, a bam'er layer has 
a film thickness between about 250A and about 500A for an interconnect 
structure/feature having sub-micron opening width. 

[0041] Second, a seed layer is deposited (Step 304) over the barrier layer, 

preferably, using HDP-PVD techniques to maximize the seed layer deposition on the 

bottom portion of the interconnect features and minimize the seed layer deposition 

on the sidewall portions of the interconnect feature. The copper seed layer is 

preferably deposited utilizing a HDP-PVD chamber, as described above in Figure 2, 

having a copper target. Preferably, the HDP-PVD chamber is operated within the 
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following parameters: chamber processing pressure between about 1 mTorr and 
about 100 mTonr. RF source power to the HDP-PVD coil between about 1000 W and 
about 5000 W. target DC bias between about 500 W and about 3000 W, and 
substrate DC bias between about 100 W and about 500 W. Alternatively, the seed 
layer can be formed by other deposition techniques, such as conventional PVD and 
CVD. The seed layer preferably has a sidewall film thickness less than about 250A 
and a bottom film thickness between about 250A and about 1500A. Step 302 and 
step 304 together prepare a substrate plating surface for the electroplating process 
that fills the interconnect features/structures. 

[0042] Next, the electroplating process (Step 306) is performed to metallize the 
structures on the substrate. The electroplating process can be accomplished using 
a variety of electroplating apparatus and techniques. Figure 4 is a cross sectional 
view of a simplified electroplating apparatus 100. Although the invention is 
described using a simplified electroplating apparatus, the inventors contemplate 
utilizing other electroplating apparatuses to achieve the desired processing results, 
such as the Millenia™ ECR system, available from Applied Materials, Inc.. Santa 
Clara, California, and the electrochemical deposition system described in commonly 
assigned and copending U.S. Patent Application 09/289,074, entitled "Electro- 
chemical Deposition System", filed on April 8, 1999. which is hereby incorporated by 
reference in its entirety. As shown in Figure 4, the simplified electroplating 
apparatus 100 includes a container 102, an anode 104. a substrate holder 106, a 
cathode 108 and a power supply 110 connected between the cathode 108 and the 
anode 104. A substrate 112 is positioned on the substrate holder 106, and the 
cathode 108 contacts the seed layer on the substrate plating surface. The power 
supply delivers an electrical current to the seed layer on the substrate plating 
surface 114. An electroplating solution or electrolyte 116 fills the container 102 to 
allow the substrate plating surface 114 to be completely submerged in the 
electrolyte during the electroplating process. The electrolyte 116 supplies the metal 
to be electrochemically deposited onto the seed layer of the substrate, and the 
anode 104 is a non-consumable anode. Alternatively, the anode 102 is a 
consumable anode that supplies the metal (/.e., copper) to be electrochemically 
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deposited onto the substrate, and the electrolyte 116 effectuates the transfer of the • 
metal from the anode to the cathode. 

[0043] During an electroplating process, the power supply 110 provides a 
negative voltage to the cathode 108 and a positive voltage to the anode 104 to 
effectuate electrochemical deposition of the metal ions in the electrolyte 116 onto 
the substrate plating surface 114. The electrical power {i.e., voltage and current) 
supplied to the substrate plating surface 114 is adjusted according to the 
electroplating solution used and desired deposition rate and characteristics. For 
example, to deposit a copper layer on a 200mm substrate using copper sulfate as 
the electroplating solution, the cathode 108 is biased to provide a forward plating 
current density across the substrate plating surface at between about 10 mA/cm^ 
and about 80 mA/cm^. The copper electroplating solution preferably comprises 
multi-components including copper electrolyte and additives such as suppressers 
and brighteners/accelerators. A detailed description of the electroplating chemistry, 
particularly the composition of the electrolyte and additives, is provided in commonly 
assigned and copending U.S. Patent Application No. 09/245,780. entitled 
"Electrodeposition Chemistry for Improved Filling of Apertures," filed on February 5. 
1999. which is hereby incorporated by reference in its entirety. 

[0044] Optionally, a de-plating step is periodically performed during the 
electroplating process to enhance the metallization process. Preferably, the de- 
plate process is carried out using the electroplating apparatus with the bias polarity 
reversed (opposite of the forward electroplating polarity) to cause a portion of the 
deposited metal to be removed from the interconnect feature. Because the de- 
plating process tends to remove more deposited material from the opening of the 
interconnect feature, void formations in the interconnect features are further 
reduced. For example, the de-plating process is carried out by applying to the 
substrate a de-plating voltage at between about 10 V and about 25 V magnitude or 
a de-plating (reverse) current density across the substrate plating surface at 
between about 10 mA/cm^ and about 80 mA/cm^ magnitude. Typically, the de- 
plating voltage is applied for between about 0.1 seconds and about 5 seconds. The 
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electroplating process is resumed after the de-plating process to complete the 
metallization of the structure. 

[00451 After the electroplating fill or metallization of the structure, the surface of 
the processed substrate is typically planarized using CMP techniques or other 
planarization methods, and the substrate is ready for other processes to complete 
the fabrication of the integrated circuit. 

[0046] While the foregoing is directed to the preferred embodiment of the present 
invention, other and further embodiments of the invention may be devised without 
departing from the basic scope thereof. The scope of the invention is determined by 
the claims which follow. 
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